A-type ATP binding consensus sequences are critical for the catalytic activity of the calmodulin-sensitive adenylyl cyclase from Bacillus anthracis.
Analysis of the predicted amino acid sequence of Bacillus anthracis adenylyl cyclase revealed sequences with homology to consensus sequences for A- and B-type ATP binding domains found in many ATP binding proteins. Based on the analysis of nucleotide binding proteins, a conserved basic amino acid residue in the A-type consensus sequence and a conserved acidic amino acid residue in the B-type consensus sequence have been implicated in the binding of ATP. The putative ATP binding sequences in the B. anthracis adenylyl cyclase possess analogous lysine residues at positions 346 and 353 within two A-type consensus sequences and a glutamate residue at position 436 within a B-type consensus sequence. The two A-type consensus sequences overlap each other and have the opposite orientation. To determine whether Lys-346, Lys-353, or Glu-436 of the B. anthracis adenylyl cyclase are crucial for enzyme activity, Lys-346 and Lys-353 were replaced with methionine and Glu-436 with glutamine by oligonucleotide-directed mutagenesis. Furthermore, Lys-346 was also replaced with arginine. The genes encoding the wild type and mutant adenylyl cyclases were placed under the control of the lac promoter for expression in Escherichia coli, and extracts were assayed for adenylyl cyclase activity. In all cases, a 90-kDa polypeptide corresponding to the catalytic subunit of the enzyme was detected in E. coli extracts by rabbit polyclonal antibodies raised against the purified B. anthracis adenylyl cyclase. The proteins with the Lys-346 to methionine or arginine mutations exhibited no adenylyl cyclase activity, indicating that Lys-346 in the A-type ATP binding consensus sequence plays a critical role for enzyme catalysis. Furthermore, the enzyme with the Lys-353 to methionine mutation was also inactive, suggesting that Lys-353 may also directly contribute to enzyme catalysis. In contrast, the protein with the Glu-436 to glutamine mutation retained 75% of enzyme activity, suggesting that Glu-436 in the B-type ATP binding consensus sequence may not be directly involved in enzyme catalysis. It is concluded that Lys-346 and Lys-353 in B. anthracis adenylyl cyclase may interact directly with ATP and contribute to the binding of the nucleotide to the enzyme.